This study compared the analgesic efficacy of intrathecal (IT) morphine plus IV patient-controlled analgesia (PCA) morphine with IV PCA morphine alone in 33 patients undergoing thoracotomy randomized to two groups: the IT morphine group (n = 17) received 10 µg/kg morphine 1 h before the end of surgery, while the control group (n = 16) did not. All patients had access to an IV PCA pump post-operatively that delivered 2 mg morphine boluses. Post-operative pain and sedation scores, respiratory and haemodynamic parameters, and morphine demand and delivery were assessed up to 48 h. Post-operative pain scores and morphine consumption were significantly reduced, while peak expiratory flow rates were significantly increased in the IT morphine group compared with controls. We concluded that IT morphine in addition to IV PCA established superior analgesia and maintained better respiratory function compared with IV PCA alone in postthoracotomy patients.
Introduction
Pain is defined as the sensory or sentimental perception of a distressing feeling in connection with real or potential tissue damage. Post-operative pain is an acute pain that commences with surgical trauma, gradually diminishing to terminate with tissue recovery. 1 In addition to reduced vital capacity and functional residual capacity, a restrictive type of post-operative respiratory failure is also present in patients undergoing thoracic surgery. The reason is multifactorial, yet the most important factor is post-operative pain. In order to reduce the level of pulmonary functional disorder, the minimum requirement is to eliminate the effect of the pain that causes respiratory depression. 2 The discovery of opioid receptors at the dorsal horn of the medulla spinalis has lead to the use of intrathecal (IT) and epidural opioids in pain management. 3 IT morphine administration for post-operative analgesia has gained increasing popularity in recent years. 4 IT morphine analgesia is preferred over other methods of opioid administration because it is convenient, safe and has minimal side-effects due to the low opioid FZ Askar, S Kocabas, S Yucel et al. Intrathecal morphine for post-thoracotomy pain relief dose. IT administration of morphine establishes an effective analgesia as it selectively blocks the nociceptive opioid receptors at the posterior horn of the spinal cord without causing any sympathetic effects. Due to its low lipid solubility and long duration of analgesic activity, morphine is considered to be a good option for IT opioid administration. 4 This study investigated the analgesic efficacy and side-effects of IT morphine administration when given in addition to IV patient-controlled analgesia (PCA) morphine compared with IV PCA morphine alone in patients undergoing thoracotomy.
Patients and methods

PATIENT POPULATION
The present prospective study was conducted in patients with physical characteristics complying with the American Society of Anesthesiologists (ASA) I -II classification, 5 who underwent elective thoracotomy at the Cardiovascular and Thoracic Surgery Department of Ege University Faculty of Medicine (Izmir, Turkey). Ethical approval for the study was obtained from the Ege University Faculty of Medicine Ethics Committee and informed consent was obtained from all patients included in the study. Exclusion criteria included: cardiac, renal, hepatic, metabolic, endocrine and psychiatric abnormalities; central nervous system disorders; coagulopathies; skin infection at the site of surgical intervention; drug and substance abuse; and patients scheduled for pneumonectomy.
SURGICAL AND ANAESTHETIC PROCEDURES
During the pre-anaesthetic examination, all patients were informed about the use of a PCA device. The patients were also informed about the visual analogue scale (VAS) used to measure post-operative pain. The patient's peak expiratory flow rate (PEFR) was measured using a Mini-Wright™ peak flow meter (Clement Clarke International, Harlow, UK). All patients were pre-medicated with 10 mg oral diazepam on the night before the operation and 1 h before surgery. In the operating theatre, patients were continuously monitored with the D II and V 5 leads of an electrocardiogram and ST segment analysis was performed (Horizon XL, Mennen Medical Inc., Rehovot, Israel). Intravenous access was established via a 16 G cannula placed in the antecubital vein. Invasive arterial pressure was monitored via a 20 G teflon cannula placed in a radial artery. Oxygen saturation (SpO 2 ) was continuously monitored with a pulse oxymeter (Horizon XL, Mennen Medical Inc., Rehovot, Israel).
Anaesthesia induction was established with 0.5 mg atropin, 1 µg/kg remifentanil (0.4 µg/kg per min bolus), 4 -5 mg/kg thiopental sodium and 0.9 mg/kg rocuronium. The patients were intubated with a double-lumen endo-bronchial tube (Teleflex Medical, Brussels, Belgium) and anaesthesia was maintained with 1 -1.5% end-tidal sevoflurane in 50% oxygen/50% air and 0.3 µg/kg per min remifentanil infusion. After intubation, a double-lumen central venous catheter (Certofix Duo, B Braun Melsungen AG, Melsungen, Germany) was introduced into the right internal jugular vein and central venous pressure was continuously monitored. Patients were mechanically ventilated with a target end-tidal carbon dioxide partial pressure of 32 -35 mmHg (Ventilator 710, Siemens, Solna, Sweden). Additional rocuronium was given at a dose of 0.15 mg/kg for muscular relaxation as required. The patients were randomly assigned to the IT morphine group or the control group. Patients in the IT morphine group received a spinal catheter through the L3 -L4 interspace in the lateral decubitis position (Spinocath, Braun, Melsungen, Germany). In the IT morphine group, the epidural interspace was determined using the loss of resistance technique with an 18 G Tuohy needle, after which a catheter with a 'guide wire' attached to a 27 G needle was placed through the Tuohy needle. Dura perforation was established with the 27 G needle and the guide wire was pulled back, while the catheter was moved forward by 1 -2 cm and fixed. Morphine HCl 10 µg/kg was administered in 4 ml 0.9% NaCl solution through the spinal catheter 1 h before the end of surgery.
The patients were returned back to spontaneous respiration at the end of surgery and the trachea was extubated on awakening while breathing spontaneously, after which patients were transported to the intensive care unit. In the intensive care unit, heart rate, mean arterial pressure, respiratory rate, SpO 2 and central venous pressure were continuously monitored during the first 24 h.
POST-OPERATIVE ASSESSMENTS
All patients were supplied with a PCA pump (Abbott Pain Manager II, Abbott Labs, North Chicago, Illinois) set to deliver IV morphine boluses in 2 mg increments (bolus dose: 2 mg; lock-out time: 15 min; 4 h limit: 20 mg) for 48 h. An anaesthesiologist who was blinded to the study drugs assessed postoperative pain using VAS (0, no pain; 10, worst possible pain) at 10 min, 30 min, 1 h, 4 h, 24 h and 48 h. The assessment of post-operative pain was done under three different conditions: VAS score at rest; VAS score during motion; and VAS score during coughing. Morphine consumption by PCA (morphine delivery and morphine demand), sedation scores measured using the Ramsey Sedation Scale, 6 vital signs (heart rate, mean arterial pressure, respiratory rate and SpO 2 ), PEFR and arterial blood gas values were also simultaneously recorded. Patients were followed for side-effects such as nausea, vomiting, respiratory depression, headache, pruritis and constipation. 
STATISTICAL ANALYSIS
Results
A total of 33 patients were enrolled in the study: 17 patients received IT morphine and IV PCA morphine and 16 patients received IV PCA morphine alone. There was no statistical difference between the two groups in terms of age, body weight, sex and duration of surgery ( Table 1 ).
The number of morphine boluses delivered via the PCA pump and the demand for morphine by the patients were significantly reduced in the IT morphine group compared with the control group at all post-operative assessment time-points (P < 0.05) (Figs 1 and 2) . The total amount of morphine (mean ± SD) consumed by 48 h was significantly lower in the IT morphine group compared with the control group FZ Askar, S Kocabas, S Yucel et al. Intrathecal morphine for post-thoracotomy pain relief (8. 82 ± 6.82 mg versus 40.12 ± 15.78 mg, respectively; P < 0.05).
In the IT morphine group, VAS pain scores at rest were significantly lower at all assessment time-points compared with the 10 min post-operative score (P < 0.01) ( Fig.  3 ). Hence, morphine's analgesic effect started within the first hour and reached an adequate level at post-operative 4 h, when VAS at rest was 1.1 ± 1.3. The pain scores in the IT morphine group during coughing and motion were significantly lower at postoperative 4 h, 24 h and 48 h compared with those at post-operative 10 min (P < 0.01) (Fig.  3 ). In the control group, VAS scores at rest, were significantly lower at post-operative (Fig. 3) . The pain scores in the control group during coughing and motion were significantly lower at 4 h, 24 h and 48 h compared with the 10 min post-operative score (P < 0.01) (Fig. 3) .
IT morphine
The PEFR values of patients in the IT morphine group were significantly higher than those of the control group at all postoperative assessment time-points (P < 0.05) (Fig. 4) . In both groups, the post-operative PEFR values at all assessment time-points were significantly lower than the preoperative PEFR values (P < 0.008) (Fig. 4) . The best PEFR values were 72% of preoperative levels in the IT morphine group and 61% of pre-operative levels in the control group.
The sedation scores of patients in the IT morphine group were significantly higher (P < 0.05) than those in the control group at post-operative 10 and 30 min, and significantly lower (P < 0.05) than those in the control group at post-operative 24 h (Fig. 5 ). In the IT morphine group, sedation scores at post-operative 30 min, 1 h and 4 h were significantly higher than sedation scores at post-operative 10 min (P < 0.01) (Fig. 5 ). In the control group, sedation scores at all assessment times were significantly higher than sedation scores at post-operative 10 min (P < 0.01) ( Fig. 5 ). However, the sedation level was < 3 throughout the entire follow-up period in both groups, and there were no cases of over-sedation.
Mean arterial pressure, and heart and respiratory rates did not attain significance between the two groups at any assessment time-points. The highest PaCO 2 values detected were 61 mmHg in one patient in the control group and 58 mmHg in one patient in the IT morphine group. In both patients, the highest PaCO 2 values were detected at post-operative 30 min, there was no reduction in respiratory rate, and PaCO 2 values returned to normal within a few hours. Arterial blood gas values (PaO 2 , Four out of 17 patients in the IT morphine group complained of post-spinal headache. All of these patients recovered following conservative treatment (rest, oral paracetamol plus caffeine, IV fluids) without any need for further intervention.
Discussion
Post-operative pain affects respiratory function especially following thoracic and upper abdominal surgery, and plays a vital role in clinical recovery. 7 -9 Patients undergoing thoracotomy suffer from a pain that is distinct enough to cause dyspnoea and/or respiratory failure during the postoperative period. Ideal post-thoracotomy analgesia would reduce the postthoracotomy lung dysfunction and maximize the analgesic efficacy, whilst minimizing the incidence of side-effects. The administration of IT morphine has previously been found to provide effective post-operative analgesia and reduce opioid consumption in patients undergoing thoracotomy. 10 -15 In the present study based on existing literature and our experience from previous pilot studies, we administered IT morphine at a dose of 10 µg/kg 1 h before the end of surgery. We found that the analgesic effect of IT morphine had already started to be effective by the time the patients were admitted to the intensive care unit, as demonstrated by the early post-operative pain scores in the IT morphine group, which were significantly lower compared with the control group. In the present study, the assessment of pain scores revealed that morphine's analgesic effect started in the first hour and reached an adequate level at post-operative 4 h. Moreover, systemic morphine consumption at post-operative 48 h was significantly lower in the IT morphine group compared with the control group. Nilsson et al. 13 investigated the administration of 10 µg/kg pre-induction IT morphine versus IV PCA morphine with respect to analgesic efficacy and the effects on respiratory function in patients undergoing thymectomy. They found the analgesic efficacy to be similar in both groups, but respiratory function was better in patients who were given 10 µg/kg preinduction IT morphine.
In our study, patients in the IT morphine group required significantly less parenteral morphine during the first 4 h post-operation than patients in the control group. The findings from Nilsson et al. 13 were similar to ours with regard to both improved analgesic quality in the IT morphine group and the dosage applied.
Cooper et al. 16 observed a 50% reduction in the vital capacity and PEFR values when parenteral morphine was delivered for poststernotomy pain management. The investigators claimed this was associated with the adverse effects of surgery and anaesthesia on pulmonary function, diaphragmatic dysfunction secondary to surgical irritation, inadequate pain management and abdominal distention. 16 Nilsson et al. 13 claimed that respiratory function was better maintained due to improved post-operative analgesia, which was provided by IT opioid administration, especially after thoracic surgery. In accordance with the findings of Nilsson et al., 13 the PEFR values in our study were significantly higher in the IT morphine group than those of the control group at all post-operative assessment time-points. In both groups, post-operative PEFR values were significantly lower than pre-operative PEFR values and they were observed to reach a maximum at post-operative 48 h.
The most important adverse effect of IT morphine is late respiratory depression that occurs due to rostral diffusion of opioids into the vital medullary centres. 17 This is most frequently seen at 6 -11 h after IT morphine injection. 2, 4 The risk of encountering late respiratory depression after administration of IT morphine has caused anaesthesiologists generally to prefer the epidural administration. 2, 10 The present study did not demonstrate late respiratory depression in the 24-h follow-up period. There were significant differences in sedation scores between the two groups at post-operative 10 min, 30 min and 24 h, but neither group had sedation scores > 3 at any assessment time-point. There was no significant difference between the two groups in terms of sideeffects such as nausea, vomiting and pruritis.
In conclusion, IT morphine in addition to IV PCA morphine resulted in improved postoperative analgesia and respiratory function compared with IV PCA morphine alone in patients undergoing thoracotomy. Late respiratory depression, the most clinically significant side-effect of IT morphine, did not occur at the dose (10 µg/kg) that was used in this study. In clinical practice, IT morphine administration seems to be an effective, safe and convenient method for improving postoperative analgesia and pulmonary function in patients undergoing thoracotomy.
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